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ABSTRACT

Current mirror is the basic building block in analog circuit design for providing the biasing
voltage to so many components in the system. Current mirror is used in various application
where low voltage analog circuit design is needed like in any of the portable devices so that
battery lifetime can be increased . In this thesis, work a high performance MOSFET current
mirror in a folded cascode configuration is designed to achieve a high output resistance
,operating in wide range of supply voltage . The design has both n and p type MOSFET for
current feedback between gate and source in order to achieve a constant drain current . In the
discussed circuits i have found out the range of currents for which the circuit is showing
amplification and mirroring effect. The design is implemented and it’s mathematical model is
been analyzed to know the output voltage from the circuit in respect to the reference current

using small signal model analysis of the circuit.
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CHAPTER 1
INTRODUCTION

In a various application like biomedical operates on very low voltage which needs a very
high output impedance current mirror. the current mirror is the circuit that implements the
principle that if a gate-source voltage of two uniforms MOS transistors is same then their
channel current flowing would be equal. In the current mirror, we generate a current
reference so to copy that current in various current sources in the system. Various
advancement in the technology of CMOS design integrated most of the circuits in the same
chip who all are working on very low supply voltage like radio frequency processor and
various sensor like temperature and baseband signal processing circuit require very low
voltage supply. Getting a very large impedance and wide output range and swing is the

important parameter when working on the very low input voltage.

The current mirror is the circuit used where the operating voltage required to turn on the
circuit is very low as in case of biomedical applications. In the current mirror, we need high
output impedance so to drive more circuitry from it. In the discussed paper they have worked

on increasing the high output voltage swing and high impedance current mirror.

The Current mirror is a circuit which has the principle that V¢ gate-source voltage of two
similar MOS transistors is identical then it’s channel current should be same. In the current
mirror, we generate a current reference so to copy that current in various current sources in
the system. So now how we do that current reference equal to the output current is done by

making the gate-source voltage in the two transistors equal VDS1=VDS2.

1.1 SIMPLE CURRENT MIRROR

The basic idea here is for a MOSFET if current (Id)= f(VGS), where function denotes the
functionality of ID versus VGS, then VGS =f (ID). Then if the transistor is biased through
IREF then VGS= f {(IREF). Thus voltage is put into the source-gate terminal then derived
current

lout = f f }(IREF) = IREF



Iref = %un cox( ?)1(1195 — vth)?

lout = 2 un cox( *)?(V,s — vth)?

w 2
lout = % Iref
()
Current mirror usually has the same length for all of the transistor so to minimize the error. In
the above discussed current mirror we have neglected the channel length modulation but in

practice, there is error in copying the current due to the involvement of drain-source voltage
ID1= %un cox( lﬂ)(vgs — vth)?(1 +Avdsl) and
1

ID2 = %un cox( ly) (vgs — vth)?(1 +ivds2)
2

ID2 (%)2 (1+Avds2)

So hence D1 - (ﬂ)l (14+Avds1)
1

So in order to minimize the consequence of channel length modulation cascade current
source is used, the Vbias voltage Vb is so chosen that the voltage V,, = Vy then the output

current lout tracks Iref with accuracy but this accuracy is obtained at the cost of voltage

-
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Fig-1.1 simple current mirror

head room that is consumed by the M3 transistor. so now how to generate the Vb so that V,= Vy so
from transistor M3 we have Vb - Vg3 = Vy or Vb =Vy+V,s3. This shows that if gate-source voltage

is adjoin to Vy , the necessitate value of Vb can be acquired by this .



If an additional diode connected load is added MO in series of M1 which create the voltage of Vn =

VgsotVX . so proper dimension of MO and M3 will make V5 = V. Now connecting Vn to the

gate terminal of M3. We get Vyso+Vy = Vg3tV

Thus if the W/L aspect ratio of M3 by M1 is equal to W/L ratio of M2 by M1 then we can
say that V3= Vs and Vy = 1,. So the simple current has advantages like the output current
is exact replica of the input current or some an multiple times the input current. Another
advantges of a simple current mirror is that the output impedance is high but not upto the
mark . so the disadvantage of it is the impedance and the output current is not accurately

tracked by the reference current.

If the current mirror is ideal than if the V¢ changes than 10 should not change as the output
impedance of the ideal current mirror is infinite . we calculate output impedance by %. So

even though Vo is changing lo should not change according to the principle hence 4Vo/0 is
infinite and hence the output resistance of current mirror comes out to be infinite. So to have
the output impedance increased we move on to next type of current mirror that is cascode

current mirror.

As both the mos are identical then Iref = lout

V
e Butas Vys1=Vys1 = Vys,  but
/ : i o
I Rer out Vas2 is not equal to V¢, because of the additional circuit
bt connected to ransistor.
w ted to M2 transist
w L -
b M 2 V4¢1 1S Not equal to V,,, because of the channel length
L M1 - modulation and hence Iref #10

So 10 does not track out Iref accurately. So to remove this
limitation we move to cascade current mirror. To make
Vas1= Vas2 We move to cascode current mirror.

Fig 1.2 current mirror

The above limitation can be removed by making the drain to source voltage equal so to do so we

connect one more transistor to the gate of the M2 transistor as shown.



Vou ::m So now in the shown fig if we make
— Vo ilom, Iy and Vy are made equal to each other than the problem
X Y of CLM can be solved
iy e So V, is so chosen that can make Vy equal to Vy
- - And to do so
Fig 1.3 modified simple current Vy = Vs + Vy

Now there is one more modification done by connecting one more transistor to M1 side as shown in

cascode current mirror.
1.2 CASCODE CURRENT MIRROR

So why we are using cascode current mirror because of extinguishing the result due to channel length

modulation (CLM) and increase the yield impedance.

At node N we give Vbias to both of the gate of

Voo MO and M3 tranisitor to makeVy, equal to Vg3
IREF P So voltage at both the side is Vyso+Vx = Vg3 +Vy
/ out
Now to make both of them equal proper
Mg :" ¢ M, N .
N dimension of the transistor is taken

X
Mfll—*——l M, bl i

Which gives Vg9 = Vi3

Fig 1.4 Cascode current mirror

Now the output impedance can be calculated by drawing the small signal model so that is
drawn by one simple principle that is if any mosfet is diode-connected and fed by a constant
current then it behave like a constant DC potential. So as shown in fig a constant current is
flowing in MO AND M1 so they both act like a constant DC potential. So it’s small signal

model is as shown.



And output impedance of the circuit is vt/it

G4 D4 So current
6 +
& B Vi _(_vg,s4)
Vgsd LmaVess %rua II - gm4vg.5'4 + roy
p— S4 o
] L vg_s,471[*r02
G2 D1
4; + : N .
So substituting the value of Vi, in I ,we get

Iy
Vg2 = 0 Bm2Vgs2 To2
v
s2 S=roy (+gmy*roy )+roy

6 t

Fig 1.5 small signal of cascode current mirror.

So small signal model of cascode is as shown. Here V,, is zero as voltage across M2 is zero
as M1 is shorted as it acts like a DC voltage so that makes g, * V,, equal to zero. So from
the above equation we get to know that the total output resistance shown by the circuit is gm
times the resistance, hence the output impedance of a modified cascode current mirror is
very high with respect to simple current mirror whose resistance is R;g. So finally we can
say that the cascode current mirror is used to overcome channel length modulation and for
high output resistance. But for the advantages we have some disadvantage to the circuit that
is the swing of the output signal is very less as the swing is defined as Vdd — Vomin here
VVomin is the minimum voltage required for the transistors to be in saturation mode. Ideally,

Vomin for the cascode circuit is 2V, -Vt) but from the circuit we, get Vomin higher than

the ideal which is 2V, -Vt which is Vt times higher than the ideal voltage .

1.2 WILSON CURRENT MIRROR
So now we move to next type of current mirror with wide current swing and high output

resistance we have Wilson current mirror which use negative feedback.

So here because of negative feedback , drain
current is stabilized.

Here M3 is diode connected and provide the
V. feedback to M2 transistor.

- Here lo is stabilized and the output resistance is
somewhat higher than the cascode current
mirror .

VSS

Fig 1.6 Wilson current mirror.
RO = 19+ Gmp * 1812




CHAPTER 2

LITERATURE REVIEW

Zushu Yan et.al.[1] : In this paper they basically has worked on for better power and area
with enhancement of gain, GBW by using nested current mirror which is significantly used
in various LCD application. They used nested current mirror technology for a single type
stage amplifier to have sustainable enhancement of a DC gain, slew rate and GBW. They
have used 4-step and 3-step NCM amplifier and was fabricated using 180nm technology. In
the first 3-step process they have achieved 72db DC gain and .0028-.27 MHz GBW and >80°
phase margin. In the other 4-step NCM they have achieved more efficient result that is 84db
DC gain with 0.013-1.24 MHz of GBW and >62° phase margin over with the power 3.6uW
over 1.2 supply voltage. They basically introduced the NCM amplifier that has single stage

with enhanced design flexibilities to optimize results in gain, GBW and slew rate.

Jun Zhou et.al.[2] : In this paper, they are implementing the voltage level shifter for energy
efficient and fast operation with wide —range of voltage converting from a very low
subthreshold voltage to I/O voltage. The proposed shifter has used modified Wilson current
mirror which gives them significantly improved parameter over power and delay utilization
which gives us a large voltage to convert from , they have implemented in 180nm CMQOS
technology and improves leakage power, switching energy and delay by up to 29x, 19x, 3x
respectively , when we convert .3V to voltage ranging from .6V to 3.3V or more precisely
this work has 1.03 FO4 delay parametyer with , 39 f Joule of energy/ transition and 160 pW
leaked power when we convert .3 to 1.8 V. The proposed circuit has good response when

scaling the input voltage and has very low sensitivity to temperature ,process changing.

Seungwoo Jung et.al.[3]: In this paper, they have investigated the response of single-event
transient(SET) answering of different current mirror which are been designed in C-SiGe
HBT using SOI technology. They examined the feasibility in the inverse-mode to lesson the
single event effect. So according to the result discussed they observe the operation of this
current mirror in extreme- environment. First current mirror NPN circuit was preferred in
spite of the cascode current mirror NPN because of the large SET tolerance compared to the

cascade current mirror with respect to lower peak transient, the smaller area across the HBTs



and the shorter settling time. But if the higher output impedance is required then cascade
current mirror is preferred but it then now has a low output swing. Second, if we use PNP
SiGe circuit, then NPN SiGe HBTSs in the making of a current mirror circuit then the ac
transient of the input and output is shorter. The inverse-mode PNP current mirror can mirror

the Iref current on the output terminal by correct mirror- ratio .

Sinan Li and S. Y. Ron Hui.[4] In this paper, they have examined that the imbalance of the
current in light —emitting diode LED string arranged in parallel it can cause large current and
excessive stress on LED’s and that can reduce the life of the system. The paper explained that
how and why the existing current mirror circuit is not perfect and cope up in open fault LED
circuit and then proposed the self-configured current mirror circuit that withstand the open
circuit problem in LED system with Parallel LED string. The open circuit problem here
means that the LED system will be functioning if one of the LED string is switched off.

They have tested the same using 75W LED system with three parallel string.

Shien-Chun Luo et.al.[5] In this paper they have proposed a different Wilson current mirror
for the application level shifter which is used to convert sub-threshold voltage into standard
input voltage, this paper has the operating range from subthreshold to input supply voltage.
The proposed structure has the hybrid combination of modified Wilson current mirror and
CMOS gates. The proposed circuit is simulated and verified using 65nm technology. The
minimum voltage that can be operated using this is 300mV or 200mV. The area consumed

by it is 4.2um.

A.J. Lopez-Martin et.al.[6] :In this paper, they have proposed the AB current mirror which
has improved parameter like high output impedance, low in out impedance, low power
consumption, good current handling capability. They have used a passive component like a
capacitor in their circuitry to examine the current mirror circuit, they have also used the
cascade current mirror technique to achieve the higher output impedance but here the swing
of the output in low. They have achieved the input resistance of 15.790hm and output
resistance of 650.8 M ohm with a bandwidth of 97.58MHz from the previous result which is
their input resistancel7.61ohm and output resistance of 11.73M ohm with a bandwidth of
96.97MHz which was almost equal to the proposed work. The presented work has more no of
the transistor as compared to previous work so the area is significantly more as compared to

previous work.



GF paulik et.al.[7] In this paper, they have derived the mathematical model of a differential
amplifier having a current mirror as a load. they have examined the DC output voltage with
respect to input voltage ,current gain and early voltage. Previously Vo output voltage does
not consider the base current which causes the mismatch in the result examined practically
and theoretically. So they have found out the output voltage considering the base current,
supply voltage, and gain. The derivation says that the with a change in the Vo value will have
an inverse relation with gain and Vo will reach a maximum of one. The result shows the

consistent result with PSpice and LT spice simulation.

Long Xing Shi et.al.[8] : In this paper, they have implemented a mixer that requires the
characteristic of a current mirror to get linearity. the proposed circuit has current mirror
embedded in the switched pair, the mixer is implemented using 180nm CMOS technology,
with the frequency band of .5 to 3GHz. The measured result has a gain of 9.5dB, 10dbm and
having a noise figure 16.5dB. This result indicates that the mixer is used in a very low
voltage communication application like OFDM and CDMA receiver. The power and die area

of a mixer is 5.4mW and 0.1mm? with 1.5V supply voltage.

Si Nan Li et.al.[9]: In this paper, the problem of imbalance current is resolved by using the
self-configurable mirroring circuit. In simple mirror circuit one Iref current is selected and
according to it other current sources can have a mirroring current but a self-configurable
mirror circuit will dynamically confirm best current branch and make it a reference current
for the circuit .The principle has a transistor-based circuit that balance the current and can be
operated in both linear and saturation mode. The proposed control circuit don’t need an
additional power supply on the control circuitry of it. Proposed circuit can be made more
precise by using an op-amp circuitry in the design. The design also gives the low cost and
more current balance with very less power consumption which is 2.5% of the total supply
voltage. This paper provides the solution to reduce the imbalance of the current in multi-

string LED system.

R.A. MacLachlan et.al.[10]: In this paper, they have discussed that the new way of quad
layouting the current mirror circuit will make it almost unconcerned to temperature. As
cascode mirror is used for the high output impedance then the quad layout of the cascade
current mirror is theoretically and practically examined and found that the output impedance

of the cascode is not remarkably overriped by the change in temperature value if quad



layout is done. This layout will make the changes equal on both the side hence making the
transistor identical so there is no influence on the output resistance in current mirror on

changing the temperature of the proposed circuit.

S. Lee et.al.[11] :In this paper they have designed a band gap reference circuit, the error due
to mismatch of temperature the current output core a current mirror incorporated in the
circuit. The experimental result shows output voltage achieves by the circuit is 497.2mV at
25° C having the temperature coefficient of 28.3ppm /°C between -40°C to 80°C, the area
occupied by the circuit is 0.0337mm?2 and dissipates 276.6pW with a input voltage 1.2V.
So to reduce the error by the difference in the temperature for the output device and BGR

device they proposed this paper.

C. Laoudias et.al.[12]In this letters they have proposed the LVACM that can be adjustable
according to the change as there is mismatching of the various parameter, a desired feature of
current mirror is hard to get so many adjustable current mirrors is proposed so this paper
offers the low-voltage capability of operation, using only NMOS transistor biased and
bidirectional adjustment of the gain parameter. Here the current gain is not electronically
adjusted instead the aspect ration will determine the gain of the circuit so-called

programmable gain.

Mehdi Saberi et.al.[13] : In this paper, they have proposed a very low power level shifter
which uses Wilson current mirror to shift the sub-threshold supply voltage to above threshold
voltage. The proposed circuit uses modified Wilson current mirror with inverter head with a
different gate voltage for PMOS and NMOS transistor that start to reduce the power utilized
by the circuit. The proposed work is simulated on 180nm CMOS technology with a shifting
value from .35V to 1.8V and having a propagation delay of 47.9ns with a power consumption
of 29nW and a power-delay product of 11fJ for 1IMHz of the input signal. The proposed
circuit uses a diode-connected transistor that reduces the power consumption of the circuit

with a very low level of shifting capacity as compare to other work.

Mohan Julien et.al.[14]: In this paper they have formalized to evaluate the active-input
current circuit. The active-input current circuit uses negative feedback to enlarge the
bandwidth for improving the settling time We have shown that going further with larger

output current dynamic or greater current copy accuracy involves a decrease of the maximum



speed reachable before going unstable. Using this formalism to quantify this limit will let

designers easily discard or validate this solution for their current source architectures.

Dongwoo Ha et.al.[15][23]: In this paper they have implemented the high order temperature
compensated current bandgap reference for automotive application where they used one BGR
to produce concave upward and concave downward which are combined to have highly
précised current, also uses a different resistor to compensate temperature coefficient due to
the resistor. The circuit operates in wide temperature range of -40°C to 150°C, with 3,3 V
power supply and BGR provide the voltage of 861mV with a temperature coefficient of
75ppm/°C, with an area of 0.0249mm2,

Kriangkrai Sooksood et.al.[16]: In this paper, a bulk driven simple and cascode current
mirror is desined ,this technology of bulk driven is used to reduce the threshold voltage
limitation. Highly accurate characteristics is achieved through negative feedback over a large
range of current. The proposed circuit implemented in CMOS 180nm technology with a
supply voltage of 1V, and with the headroom value of 0.11V and 0.16 V for simple and
cascade bulk driven mirror. Current range achieved has a range of 10nA - 100uA is achieved
with 11% current unmatch for simple current mirror and 0.2% maximum error for cascade

current mirror.

Nidhi Bansal et.al.[17] In this paper they have discussed over the current subtractor
according to modified Wilson current mirror having a stabilized output without any error, the
design is implemented using PMOS transistor with a negative feedback. The proposed circuit
has a wide application and used in various analog circuitry like op-amp, oscillators. The
design is implemented using cadence virtuoso180nm CMOS technology with input voltage
of .8V the circuit implemented has a wide operating range from OnA to 600pA and has a
high output impedance in mega ohms and low input impedance. The percentage error is less
than 1.82% .

Sven Litkemeier et.al.[18] In this paper, they have implemented the level shifter that can
easily shift and subthreshold voltage to a significant above the threshold value. The circuit
uses the Wilson current mirror and does not require a static current flow and thus can save a

static power. the circuit is implemented using 90nm CMOS technology and works



significantly well for a supply voltage of 100mV to 1 V. the design has a propagation delay
of 18.4ns with a static power of 6.6nW. The energy per transition is 93.9fJ.

Raguvaran.E et.al.[19]: In this paper, they have implemented the current mirror having a
high output impedance when operating in the very low current. The circuit samples out the
output current to have a good output resistance with good voltage range. The circuitry has its
output resistance g, * 1., times the resistance achieved from super Wilson current mirror
circuit. The circuit works well for a very low input current in p range from 5pA to 40pA due
to the diode connected PMOS . All the other circuit discussed here does not work well in low
input current due to the presence of negative leakage current . the mirroring error is less than
1% for 5 to 40uA current range. The proposed circuit can be used in various application that

require high output impedance working on a very low currents.

N. Raj et.al.[20]: In this letter, they have implemented the cascode current mirror which can
be self-biased a low voltage, the high-performance self-biased bulk driven methodology is
used and the work validation is approved by small signal analysis over conventional way of
self-biasing the circuit. In this letter, they have achieved high bandwidth with low input
impedance and high output impedance with the operating range of 0- 200 A. In this paper, it
is observed that the input impedance of the circuit reduces by four times and bandwidth
increases by three times. The simulation is been carried out in HSpice using 180nm CMOS
technology.

Christoph Tzschoppe et.al.[21] In this paper, they have designed the advanced current mirror
using the series or parallel connected transistor for the application where low voltage is
required as in case of portable devices. They showed that the implemented technique has two
times the output resistance compared to the simple current mirror and 50 times the cascade
current mirror output resistance. They described the whole concept of the transistor

connected in the series with analytical equation.



CHAPTER 3
SCOPE OF STUDY

In a various application like biomedical operates on very low voltage which needs a very
high output impedance current mirror. the current mirror is the circuit that implements the
principle that if a gate-source voltage of two uniforms MOS transistors is same then their
channel current flowing would be equal. In the current mirror, we generate a current
reference so to copy that current in various current sources in the system. Various
advancement in the technology of CMOS design integrated most of the circuits in the same
chip who all are working on very low supply voltage like radio frequency processor and
various sensor like temperature and baseband signal processing circuit require very low
voltage supply. Getting a very large impedance and wide output range and swing is the

important parameter when working on the very low input voltage.

So designing the high output resistance will be very benifical for the circuit , as having the
high output resistance will have more fan out which will be benificial to drive more circuit
connected to it. Current mirror is a circuit which has the principle that V¢ gate-source voltage
of two similar MOS transistors is identical then it’s channel current should be same. In the
current mirror, we generate a current reference so to copy that current in various current
sources in the system. So now how we do that current reference equal to the output current is

done by making the gate-source voltage in the two transistors equal VDS1=VDSs2.



CHAPTER 4
RESEARCH METHODOLOGY
4.1 CURRENT MIRROR

A circuit used in most of the analog circuit to provide the biasing voltage to turn on the
different component of the circuit. Basic simple current mirror can be implemented using
PMOS or NMOS based on the application . A basic current mirror has two MOSFT and they
work on a simple principle that if their gate to source voltage is same than the current passing

through the transistor is equal.

- Fomm :

Lre

L [T et
v v

Fig 4.1 simple current mirror

So as shown in the above fig that T1 is in saturation mode means the drain to source voltage
is greater than equal to gate to source voltage and cause T2 to be in saturation

Current in a transistor is given by
1 w 2
= > un cox ( L_l) (Vgs — Vth)
If we include channel length modulation then the equation become

I= 1 un cox ( Lﬂl) (Vgs — Vth)2(1+ka51)

T2
where Vg, is drain to source voltage Vs gate to source voltage , Lﬁ is the width to length
1
ratio, A is channel length modulation constant.
Now according to the current mirror circuit we have and excluding channel length
modulation current through T1 transistor is given by.
2
Lyef = %un cox ( Lﬁl) (Vgsl - Vth)
And the current through T2 transistor is given by

I,= %un cox ( Lﬁz) (Vgsz — Vth)2



So now as the principle says that the gate to source voltage has to be equal then considering the action

of output current to input current we have

o _ (22), (Vgs1—vth)?

Iyef ( %) (Vgsz—vth)z

So as Vg1 and Vi, is equal then the ratio become [y= % *Lres.

Ly

So from this above equation we get ot know that if the two transistor are identical having same W/L
ratio then the I, current can easly track out the I,.., current and hence the basic operation of current

mirror is achieved.
Now if we include channel length modulation in the equation then

1
J,  3Wncox ( Lﬂl) (Vgs1 — vth) (1 + AV gq1)

.. 1 w 2
ref  Zun cox ( L_l) (Vg2 = vth) (1 + W4y0)

From the above equation it difficult to make I,..r equal to I, as now the ration depends on the

drain to source voltage also.
4.2 CASCODE CURRENT MIRROR

S0 now we move to next type of transistor that is cascode transistor where the problem of this
channel length modulation is resolved by making this drain to source voltage equal.So now to
have high impedance as it will make the current constant regardless of the change in the
output voltage and to resolve the problem faced in simple current mirror we move to cascode

current mirror.
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Fig 4.2 cascode current mirror



Now At node N we give Vbias to both of the gate of MO and M3 tranisitor to make Vs

equal to V.
So voltage at both the side is Vyso+VX = Vgs3 +VY

Now to make both of them equal proper similar dimension of the transistor is taken
Wil _W W

Ly Ly Ly L

Which gives V0 = V43 and hence finally Vy =V, So hence CLM problem is removed as

now drain voltage of both the transistor is same by using cascode current mirror. Now
calculating the output resistance of the cascade circuit we draw it’s simple small signal model
as shown below.
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Fig 4.3 cascode current mirror small signal .

Ve = 0

Now the output impedance of the circuit is given by %
t

So total current flowing through the drain to source is given by the equation and

M _(_Vgs4)
g = 9MyVgsg + T ro,

Vgs4:'t*r°2

So substituting the value of Vg, in I ,we get



\Y
ﬁ:ro4 (1+gm4*ro2 )+ro2

- 2
Ro = 9my ™1y

So the resistance here is large than the simple current mirror by g,,* r, times hence this
resistance is large . Now talking about the swing of the voltage in cascade transistor that is
the only limitation in this mirror as swing is defined as the Vdd — Vomin. And here VVomin is
large than the required minimum voltage . Vomin is the minimum voltage required for the
transistors to be in saturation mode. Ideally, Vomin for the cascode circuit is 2(V -Vt) but
from the circuit we, get Vomin higher than the ideal which is 2V, -Vt , which is Vt times
higher than the ideal voltage. So now how we can reduce the Vomin we can simply do one
thing is that we can resize the input transistor in such a way that we can get Vomin as
2(Vgs—Vt) or 2AV where AV is called the over drive voltage.
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Fig 4.4 Cascode current mirror
4.3 MODIFIED CASCODE CURRENT MIRROR

Now Vomin we are getting is 2V, -Vt now if we can somehow provide the M3 transister

V;s + Vt at the gate terminal then we can get Vomin as 2AV. So this problem can be solved b

vDD

2(AV+ Vrun)

Fig 3.5 modified cascode current mirror



Now if we modify the circuit as we resize the width of the transistor then also this problem

can be resolved.
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Fig 4.6 Modified cascode current mirror

4.4 WILSON CURRENT MIRROR

So now we move to next type of current mirror with wide current swing and high output resistance so

we have Wilson current mirror which use negative feedback.
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Fig 4.7 Wilson current mirror

From the fig it can be decided that the
Wilson current mirror is similar to
cascode current mirror but here with
negative feedback. Here 6 transistor
is used to implement the circuit
where PMO act like a current source
and PM1 act like a load resistance or
act like a diode and is always in
saturation mode. Now the gate
voltage at NM3 transistor will make
some current to flow through and
NM1 is in saturation mode then
suppose current flowing through that
branch is I; as both the transistor
NM1 and NMO are identical with
same gate to source voltage so
I, current will be flowing through
NMO transistor hence the output
transistor NM1 makes equal current
I, to flow through input transistor.




CHAPTER 5
MATHEMATICAL MODELLING

The proposed circuit is the combination of both the PMOS and NMOS where most of the
MOSFET works in saturation region and are diode connected. It has seven tranistor
including the load and current source MOSFET. The base paper implemented was designed
with the help of BJT but here we have considered all MOSFET as MOSFET has various
advantages over BJT like input resistance in high in MOSFET which is desirable for the
amplifier , easy to manufacture , MOSFET much smaller than BJT, less noisy than BJT. So
these all advantages make MOSFET more use full than BJT. Now the circuit is shown below

in fig-
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Fig 5.1 Folded cascode current mirror.

In the circuit shown PM3 MOSFET act as a driving load which act like a diode working in a
saturation region always. The transistor NMO, PMO also work as a simple diode connected ,
basically in comparison to simple cascode current mirror from fig- we are folding the NM
MOSFET here into PM2 and PMO . So a small signal model is needed to know the analysis
where transistor NMO, PMO,PM3 will be simple act like a diode and easly replaced by

simple resistance value in a small signal model. So basic small signal for the same is drawn



for the tanistor NM1,NM2,PM2 . NM2 transitor will act like a current source and will

provide the reference current which is going to be mirrored to the NM2 drain terminal.

Fig 5.2 Folded cascode current mirror.

It’s small signal model is as shown below

Fig 5.3 Small signal model of folded cascode current mirror.



So basic idea for me to solve this is by coming from the output side to the input side so we
have transistor no 5 and 3 at the output side of the circuit. Then considering the 5 transistor

we have voltage across drain to source of 5 transitor is

................................................................ Eg-1

And the current through the 3 tranister is given by

V. .-V

out ol *

Sot Ty g oxy =

* m gs3
Foo Rdl
2t Ras Eq-2

Now from the circuit we get to know that the value of gate to source voltage for 3 tranisiter is

VgsB :Vg3 _Vs3
Vgs3 :V1 _V01

Now we can substitute the value of VVgs3 in equation no 2 we will get the V,,,; value as

Vo = Vou [1 + g (”—R‘“)]V1 [”—Rdl] ...................... Eq-4

To2+Rd1 To2+Rd1

Now considering the above small signal for transistor no 1 we get.

Current in the gate terminal is given by
— V2
I = Im * Vgsl + TO3FRGg ttttirrerieeeeeiieseesiiei Eqg-5
T03+Rd3

and current in the drain side is given by

Vgs1

12 = Iref + Ria



here Vg1 = V7.
So Vi = Raa(Iz = Lref ) oo Eq-6
then substituting the value of V1 to equation.

L =9m*Vi ++mm

Now substituting the value of V1 in equation no-7 and finding the value of g,, in respect to

L.¢f is given by.

v,
To3 * Rys
To3 + Rys

Raz(Iy — Lrey )

L +

Im =

Now this g, is in terms of L., so now substitute this value of g,, into the eq-4 which is the

the output voltage.

So now the output voltage of the transistor in term of I,.. is given by.

T03+Rd3
11+V2(?‘03*Rd3 (roz*Rd1) V. [roz*Rd1]

Raz(Iz=Iref) Toz+tRd1 ToztRd1

Vour = Vo1 |1+

so we get to know the output voltage is related on so many parameter , their can be another
way of defining the circuit . The over all output voltage Vout in term of the reference voltage

is defined.



CHAPTER 6

WORK DONE

So as the topic is current mirror | have decided to work from the basic simple current mirror
and analysis the practical implementation of the circuit , and knowing what actually is
happening in the circuit. So I have used cadence virtuoso 180nm CMOS technology to design

my current mirror.
6.1 SIMPLE CURRENT MIRROR CIRCUIT

Starting from the simple current mirror technique vary basic requirement of a current mirror
is that the gate to source voltage for the transistor should be equal . So that same amount of
current can be flown from the drain terminal of the MOSFET. So basic simple current mirror
circuit has a current source and a two identical transistor having same body to source voltage

so as shown in the figure below.
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Fig 6.1 Simple current mirror circuit.

The circuit shown has four transistor , two NMOS and two PMOS transistor, where PMO
transistor is used as a current source and it provide the reference current to the circuit . So
now as the body of both the NMOS is same the gate to source voltage for both the transistor
is same which make I, current to flow through the PML1 transistor which act like a diode
connected load or simply as a resistor and hence mirroring of the reference current is

achieved.



Now as the above circuit is implemented the basic idea of how the basic current mirror work
is done is clear. So no calculating the output impedance of the circuit can be easly calculated
by V=IR formula. The result shown here is not much more accurate due to the presence of
channel length modulation. So to reduce it and to get more précised mirroring current | have

implemented a cascode current mirror .
6.2 CASCODE CURRENT MIRROR CIRCUIT

Cascode current parameter is much more accurate than the simple current mirror so basically
due to CLM effect the current is not mirrored properly due to which we moved to other way
of designing the current mirror by cascode circuit. The basic idea here is to make the drain to
source voltage equal so that no mismatch of current will be their. Now as shown in the figure

below.

Fig 6.2 Cascode current mirror circuit

As shown in the above fig the cascode current mirror has two identical branch having total 6
transistor to the circuit , where PMO provide or act like a current source and PM1 act like a
diode connected load or simply a resistor . Now main role is of NM2 and NM3 transistor , if
they both are identical as assumed then the gate to source voltage is same for both the
transistor which further makes drain to source voltage identical and so the CLM problem is

reduced in it and now the output current accurately tracks out the reference current. Now we



move to other modified current mirror circuit called a Wilson current mirror which is
introduce to overcome the limitation of cascode current mirror that is the swing of the output

voltage is less.
6.3 WILSON CURRENT MIRROR CIRCUIT

So basic idea we are implementing on the Wilson current mirror is that it uses negative
feedback to make drain current to stabilized. Here the negative feedback means that the
output branch parameter will be feedback to the input branch . One more important
parameter analysed here is that the Wilson current mirror resistance value is somewhat

similar to that of cascode current mirror circuit. As shown in fig below

Fig 6.3 Wilson current mirror circuit.

From the fig above it can be decided that the Wilson current mirror is similar to cascode
current mirror but here with negative feedback. Here 6 transistor is used to implement the
circuit where PMO act like a current source and PM1 act like a load resistance or act like a
diode and is always in saturation mode. Now the gate voltage at NM3 transistor will make
some current to flow through and NM1 is in saturation mode then let current flowing through

that branch is 15 as both the transistor NM1 and NMO are identical with same gate to source



voltage so I, current will be flowing through NMO transistor hence the output transistor NM1

makes equal current I, to flow through input transistor.
6.4 CURRENT MIRROR SUBTRACTOR CIRCUIT

Now | have implemented the current subtractor based on the Wilson current mirror to
analysis the parameter and the result came out is similar to the paper who have implemented
this. The current operating range for the circuit is ranging from OnA to 600pA. Now this
Wilson circuit is the combination of simple current mirror and the modified current mirror.
Simple current mirror is used to amplify. The subtracted current by an amplification factor A

which depend on the aspect ratio of the transistor.

The circuit implemented has all the transistor working in the saturation mode and the
transistor that form the simple current mirror are supposed to be exact identical to each other
so that no mismatch of the subtracted current is their the circuit is fully implemented using
PMOS transistor .
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Fig 6.4 Current mirror subtraction circuit

So here PM4 and PM3 form the simple current mirror and PMO0,PM1,PM2,PM5 form the
Wilson current mirror that is the 12 current from PM2 tranister would be copied to the drain
of PM5 transister and using KVL the current flowing through PM3 transister will be the



subtraction current that can be further mirrored to PM4 transister and amplified according to

the aspect ratio, here PM4 and PM3 are assumed exact identical.
6.5 LOW VOLTAGE SUPER WILSON CURRENT MIRROR

After this a low voltage current mirror is designed that is working like a Wilson current
mirror and has a cascade design in it so | have implemented the circuit and the current is

perfectly mirrored with good range of values.

Fig 6.5 Super wilson current mirror circuit.
6.6 MODIFIED WILSON CURRENT MIRROR CIRCUIT

In this design topology of a cascode current mirror is used , the output resistance is
somewhat higher than the remaining circuit drawn but way much similar to cascade

impedance value the circuit shown .
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Fig 6.6 Modified wilson current mirror circuit.



6.7 FOLDED CASCODE CURRENT MIRROR CIRCUIT

After analysing all the current mirror circuit and the modified one’s that are showing good
mirroring effect and high output resistance value | came to conclusion to implement the
modified cascade current mirror that can have high input resistance and a wide swing .so the
circuit diagram of the proposed circuitry in this paper is shown below which is showing good
mirroring across the wide range of current with the high output impedance value , the

mathematical modelling for the same is described in the above section .
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Fig 6.6 Folded cascode current mirror circuit.

The proposed circuit is a simple 7 transistor modified cascode current mirror , the base paper
for this circuit is implemented in the BJT which is showing very efficient result according to
output resistance as 71M ohm with the impedance bandwidth product of 2.8 ohm at 1mA
output current with 1.8V input supply voltage. This MOSFET circuit implemented has the
range from 100m — 800m Voltage with the exact mirroring value at 550M V. The result and

discussion of the circuit is shown in next chapter.



CHAPTER 7

RESULT AND DISCUSSION

The implemented circuit has been analysed in cadence virtuoso 180nm technology with a
analysis . In all the circuit a range of value is tested to know the correct biasing voltage that is

going to mirror to mirror the circuit.

7.1 Simple current mirror.- Parametric analysis is done from the range .3V to 1.8 V with
10 steps as you can see from the points that the different values of current is been matched
but as we know that in simple current mirror the current is not matched perfectly because of
CLM effect.
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Fig7.1 Simple current mirror.



7.2 Simple cascode current mirror — Parametric analysis is done from same .3V to 1.8V
with considering 10 steps . Value of current shown here is more précised with respect to the
value of simple current mirror analysis. As in cascode current mirror there is involvement of
current mirror circuit to it. It shows that exact mirroring effect when the biasing voltage is
equal to .8 voltage for the implemented circuit.
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Fig 7.2 Cascode current mirror.




7.3 Wilson current mirror circuit.- parametric analysis done from the range .3V to 1.8V.

and by parametric analysis through these analysis we get to know that for same range of

biasing voltage from .3 to 1.8 V Wilson current mirror shows the exact output for various

ranges of biasing voltage, it has more précised current value data from cascode and simple

current mirror circuit.

| ‘| | |
bane st|\11 ||J 'p
WA @ 8855 1) L
e @ easus o4eeeet | gy R g LRI
ClAMED @ TTIBRUA 0633335 . w
MO @ RTIA 0D i
CEAND @ 425850 4 (3566607 %
M @ T i 200
AN @ 14 1] ﬂzou
CENMD @ e 14w |
@ s | o
RO @ 4238068 1D
¥
WD @ 6T 03
WD @ siEEus 0 | gy (T
D TI04u 00930 M\l # 7701146
WD @ B0TSEuA 0 .0 e l|‘ T
D @ 42460 0%seee7 |2 s DA
D @ 14452004 1199303 E“D-D
D @ 1402000 13 ﬁm |
WD @ A 1aeee |
mwn @ s s | g
NI 1083034 13 i
A0 sy M! 'DI;UGA (i s el
00 50 500 50 100
fime {ns)

Fig7.3 Wilson current mirror



7.4 Proposed Folded cascode current mirror.- Parametric analysis between 100M to 600M
voltage range is showing the exact output for the proposed circuit . The range of values for

biasing is shown and the exact biasing voltage found out is 550M V .
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Fig 7.4 Proposed folded current mirror.



CHAPTER 8
CONCLUSION AND FUTURE SCOPE

In this thesis work ,I learned that a current mirror can be used in various analog circuit where
low voltage application is needed as the devices now a days are much more portable so
should work on low voltage to consume the battery consumption. A brief idea of how a
current mirror is going to behave in different short of input biasing voltage is been discussed .
All current mirrors have different short of range for which the current in the circuit is
mirrored to another branch , from the study we get to know that the cascode current mirror is
having good range of values mirrored with respect to other type of current mirror with having
high output impedance it’s resistance value is g,, * 1, times the value shown by simple
current mirror. The proposed circuit uses folded cascode current mirror and been used in a
range from 100m to 600m voltage , with exact mirroring the current when Vbias provided to
current source is equal to 550m V. It’s output voltage equation is derived that shows the
involvement of reference current into the output voltage. Further this design can be used to

implement any bigger circuit like in amplifier and can be act as a current source.
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